Fowler's position may represent a valid alternative to sitting and supine positions for BP measurement in clinical practice. BP random variability was found to be large regardless of body position, reinforcing the need for operators to closely follow current guidelines that recommend ≥2 recordings at each measurement.
Hypertension affects hundreds of millions of subjects worldwide and currently represents a major public health issue in the agenda of all developed countries. 1, 2 Both for the identification and clinical management of hypertensive subjects, the measurement of blood pressure (BP) is a crucial practice.
Current guidelines suggests that BP can be measured indifferently in supine or sitting position, 3, 4 although it has been repeatedly documented that diastolic (DBP) [5] [6] [7] and, less convincingly, systolic (SBP) 8 BP can be higher if measured in sitting position. 4, 9 Given that the differences between supine and sitting BP have been found to be relatively small, 4, 9 health professionals commonly do not consider or underestimate the effect of position when interpreting the results of BP measurements. However, even a mean difference of a few millimeters of mm Hg may have relevant implications, 10 because those individuals with larger differences in BP as measured in supine or sitting position may be at risk of substantial changes in their therapeutic history according to the position of the measurement. 4 As an example, an individual's BP may have been measured in sitting position before therapy and in supine position thereafter, and the effect of the therapy might therefore be overestimated (or vice versa), leading to therapeutic strategies that might be inaccurate or even incorrect. Thus, a more precise quantification of the differences in BP according to the body position, especially for those subjects in active hypertensive treatment, may be of extreme interest to support operators in their interpretation of BP measurement results.
The picture is further complicated by the frequent use in routine clinical practice of positions that are intermediate between supine and sitting, such as Fowler's position, in which the patients rest in their bed in a partial sitting position.. 11, 12 Fowler's position is commonly used to facilitate breathing and eventually reduce abdominal pain in immobilized subjects and/or patients with respiratory diseases or after surgery, but it may also be used in other patients just to relax abdominal muscles. 11, [13] [14] [15] Background Although blood pressure (BP) differences from supine to sitting position have long been recognized, limited data are available on other commonly used body positions. We performed a crosssectional study to compare BP values obtained in supine, sitting, and Fowler's positions in essential hypertensive subjects.
Methods
Systolic BP (SBP) and diastolic BP (DBP) were recorded using an automatic oscillometric device. Nine measurements were taken: three measurements, in random order, in supine, Fowler's, and sitting position. two generalized estimating equations models were used to evaluate potential predictors of SBP and DBP adjusting for heart rate and measurement order. results the sample consisted of 250 subjects (mean age 66.3 ± 13.4 years; 44.4% males). Measured in supine, Fowler's, and sitting position, mean SBPs were 139.3 ± 14.0; 138.1 ± 13.8; 137.2 ± 13.7 mm Hg, respectively, and mean DBPs 80.1 ± 9.1; 81.9 ± 9.4; 83.0 ± 9.6 mm Hg, respectively. At multivariate analysis, mean SBP significantly decreased if measured in Fowler's and sitting positions, as compared to supine. In contrast, DBP significantly increased. A relevant proportion of subjects showed large differences (≤ or ≥10 mm Hg) in mean SBP across positions: i.e., 30.0% comparing supine vs. sitting SBP. An even higher prevalence of large differences was observed according to the measurement order within the same positions, with no univocal direction (random variation).
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Blood Pressure by Body Position
Although BP differences from supine to sitting position have long been recognized, and quantified by several studies, 4, 9, 16, 17 only one recent study on normotensive subjects evaluated how BP values varies when measured in Fowler's position. 8 We carried out a cross-sectional study to describe and compare the BP values obtained in supine, sitting, and Fowler's positions in hypertensive subjects.
Methods
Participants and study design. Between July and November 2010, all subjects admitted to our clinic were asked to participate. Inclusion criteria were: age >18 years; previously (at least 3 months before) diagnosed essential hypertension by a cardiologist according to current guidelines; 4,18 active treatment for hypertension; provision of signed informed consent. The study had a cross-sectional design, aimed at evaluating potential differences in either SBP or DBP mean values according to the position of the measurement. BP was measured in all subjects nine times by the same person (EP) using the same, standard methodology: the patient was instructed by a specifically trained nurse to relax as much as possible, to keep quiet during the measurements, and to remove all clothing that covered the location of cuff placement on the left arm. Between two consecutive measurements, the patient was asked to relax for 5 minutes. To reduce measurement biases, BP was assessed using an automatic oscillometric device (Omron M6 Comfort HEM-7221-E; Omron M2 Basic, Lacchiarella, Italy) with an appropriate standard bladder arm circumference related, as indicated by the instruction manual. The instrument was clinically validated by the British Hypertension Society. 19, 20 For 12 h before the measurements, patients were required not to smoke, to play sports, to eat chocolate or to drink beverages containing caffeine or other psychoactive substances (i.e., alcohol or Taurine). For 6 h before test (or during the night if the test was in the morning), participants were requested not to drink more than two "normal" glasses of water.
The nine BP measurements were made in different order and in different positions. Three measurements were made in each of the main positions: sitting (with the arm supported on the table at the right atrial level); supine (arm supported by a pillow at the heart level); and Fowler's (bed back at 45°, and the arm resting on the bed supported by a heart-level pillow). To avoid potential bias related to the order of the measurement, the sequence of the triplets was chosen at random and different for each patient. Specific tables were created containing a computer generated random sequence of each position, and a different random table was used for each patient.
In addition to BP, the following variables were measured by the nurse: height (bare foot) and weight (underwear), heart rate (which is automatically measured by the oscillometric device during each BP measurement), and arm circumference (naked arm). The body mass index (BMI) was then computed as the rate between weight in kilograms and the square of the height in meters. The study protocol was approved by the local ethics committee (Record no. 13; 15 July 2010). Data analysis. First, the mean supine, Fowler's, and sitting SBP and DBP have been computed for each patient. Then, mean/ median differences have been computed for each of the six comparisons: mean supine vs. mean Fowler's; mean supine vs. mean sitting; Fowler's vs. sitting (for both SBP and DBP).
The differences in either SBP and DBP according to the position have been initially investigated using Wilcoxon-matchedpairs signed-ranks test, separately for each comparison. The independent association between the position of the measurement and BP has been evaluated using two separate generalized estimating equations models: 21 the first with SBP as the dependent variable; the second with DBP. Both models were set as repeated regression analyses, using patient's id as the cluster level, and fitted assuming an exchangeable correlation structure, with robust standard errors (based upon sandwich estimator). 22 All recorded patient's variables (age, gender, BMI, heart rate, arm circumference, number of prescribed drugs/day) were included in the models a priori, regardless of their statistical significance. We also fit two random-effect regression models, with smaller standard errors but no appreciable differences in coefficients and P values, and conservatively opted to show generalized estimating equations results only. Potential interaction and higher power terms were evaluated for all covariates, and multicollinearity was explored in all models using Spearman's ρ: no collinearity was observed between BMI and arm circumference, therefore, both variables were kept into the final models.
As a secondary analysis, we also computed the percentage of subjects with a "large difference" in BP in each of the six comparisons above defined. A large difference was arbitrarily defined as a difference of >10 mm Hg between the mean BP measured in one position vs. another: as an example, in the comparison between the mean supine SBP and mean Fowler's SBP, a subject showed a large difference if his/her mean supine SBP value was 140 mm Hg and his/her mean Fowler's SBP value was <131 mm Hg or >149 mm Hg.
To investigate the degree of random variation in BP, the same approach was used to compute the percentage of subjects with large differences in BP according to the order of the measurement within each position. In example, a large "random" variation was detected if, in one of the three supine position measurements, the SBP (or DBP) of one subject was 140 mm Hg in the first (or second) measurement and <131 or >149 mm Hg in the second (or third) measurement. Finally, the number of subjects with at least one "random" large BP Blood Pressure by Body Position difference in each position was summed to obtain the proportion of subjects with at least one large difference in BP in at least one position.
Statistical significance was defined as a two-sided P value <0.05 for all analyses, which were performed using STATA 10.1 (Stata, College Station, TX).
results
The mean age of the 250 hypertensive participants was 66.3 ± 13.4 years; males were 44.4%, obese 28.8% (mean BMI = 28.3 ± 4.0; mean arm circumference = 29.1 ± 2.7 cm). The average SBPs were 139.3 ± 14.0; 138.1 ± 13.8, and 137.2 ± 13.7 mm Hg in supine, Fowler's, and sitting position, respectively. The mean DBPs showed an opposite trend: it was highest in sitting position (83.0 ± 9.6 mm Hg); intermediate in Fowler's (81.9 ± 9.4 mm Hg), and lowest in supine (80.1 ± 9.1 mm Hg).
The variability of mean BP by position was evaluated in six comparisons: supine vs. Fowler's; supine vs. sitting; Fowler's vs. sitting (for both SBP and DBP). As shown in Table 1 , the absolute differences across positions were relatively small, the largest being the difference in DBP between supine and sitting positions (−2.8 ± 6.4 mm Hg). However, all the differences were statistically significant at either univariate or multivariate analysis, with the exception of the difference in SBP between Fowler's and sitting positions ( Table 1) .
The results of multivariate analyses have been detailed in Table 2 . As compared with supine position, the SBP measured in Fowler's and sitting positions decreased of 1.1 and 2.0 mm Hg, respectively (both P < 0.05). By contrast, DBP increased of 1.8 and 2.9 mm Hg, respectively (both P < 0.001). Notably, the order of the measurement within each position was also associated with a decrease in BP: compared with the first measurement, both the second and the third showed significantly lower values of either SBP or DBP. No differences in BP were observed according to heart rate.
In addition to the mean/median differences in BP, we explored the variability across positions in terms of the percentage of subjects with large variations (≤ or ≥10 mm Hg) for each of the six comparisons ( Table 3) . Only 4.8% of the subjects showed a difference larger than 9 mm Hg between mean Fowler's and sitting DBP, whereas a large difference between mean supine and sitting SBP was observed in 30.0% of the participants. The results of the third and fourth models on body position, measurement order, and heart rate have not been shown because they were practically identical to that of the first two models.
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Blood Pressure by Body Position Table 3 also shows the proportions of subjects with large differences in BP according to the order of the measurement. Concerning SBP, almost one-third of the sample showed a large difference in at least one comparison (first vs. second measurement; first vs. third; and/or second vs. third) regardless of the position. The percentages of subjects with large variations in DBP was lower; the highest being 20.4% in sitting position (38.0% considering all positions). Despite BP BP, blood pressure; CI, confidence interval. a Positive Δ = absolute percentage of subjects with greater BP in the first of the two mentioned positions: i.e., when comparing supine vs. sitting BP, subjects with positive Δ had supine BP that was ≥10 mm Hg higher than sitting BP. b Comparisons of the mean values of BPs that were measured the first, second and third time. c Positive Δ = absolute % of subjects with greater BP in the first of the two mentioned measurements: i.e., when comparing BP measured the 1st vs. the 2nd time, subjects with positive Δ had BP as measured the first time that was ≥10 mm Hg higher than BP as measured the 2nd time. d Within each position, values are referred to the % (95% confidence interval) of subjects with a large difference in blood pressure in at least one comparison (first measurement vs. second; first vs. third; second vs. third).
Blood Pressure by Body Position significantly decreased with increasing the order of the measurement at multivariate analysis, the direction of the large differences was not univocal: for both DBP and SBP from 30 to 50% of the subjects showed a large increase in BP passing from the first to the second or third (or from the second to the third) measurement in all positions.
To explore whether the appearance of large differences could be associated with the order of the measurement, both comparisons by position and by order were repeated using order categories ( Table 3) . In any position, the highest rates of large differences were observed at the first measurement, and when the first and third measurements were compared. discussion Several studies compared BP values when measured in sitting or supine positions, reporting variations which ranged from 0 to a maximum of 10 mm Hg. 5, 7, 9, [23] [24] [25] In most studies, the average SBP was higher when measured in supine than sitting position, 9, 17, 24, 26 whereas the mean DBP was usually highest in sitting position. 7, 8, 23, 27 Our sample of hypertensive subjects showed the same trends for SBP and DBP, although the differences in SBP 9,17,26 and DBP 7,23,27 across positions were generally smaller that in most previous studies. [7] [8] [9] 17, 23, 24, 26, 27 There is only one recent study that compared BP values as measured in Fowler's position with those measured in sitting and/or supine positions. 8 This study was based upon normotensive subjects, and found that Fowler's BP significantly differed from sitting and supine BP, showing values that are always intermediate between those obtained using the two most common positions. 8 The present results, based upon subjects in active antihypertensive treatment (which might have reduced BP variability), are in complete agreement. This is of particular relevance because BP differences may impact much more on hypertensive than normotensive subjects, as the clinical management of hypertension is largely based upon BP measurements.
Quantifying random variability in BP measurements may be important to verify whether it may confound the association between BP and body position, and whether more than one recording at each BP measurement is really needed. On one side, our multivariate analyses showed very little influence of random variability (as roughly measured by the change in BP according to the order of measurement) on the differences between supine, sitting, and Fowler's BP, which were strongly significant even after adjusting for measurement order and heart rate. Moreover, although it may be expected given that these variables do not change across measurements, the results of the multivariate analysis did not change when also BMI, age, gender, use of diuretics, and β-blockers were included in the model. On the other side, our findings strongly support current recommendations which suggest that at least two measurements of BP (within a few minutes) always be taken, as the proportion of subjects showing a large (≥10 mm Hg) BP difference between one and another measurement in the same body position was as large as 30-32% for SBP and 15-20% for DBP. Although it is true that a relatively large variability has been observed across all measurements, taking the mean value between two measurements reduces the possibility of a large measurement error or a large random variation. Given that two measurements are not always taken in routine clinical practice, operators should be informed of the importance of this procedure and more emphasis on the topic should be given in their educational pathway.
The potential clinical implications of the above findings deserve some further consideration. Indeed, besides statistical significance, if only the average difference from one position to another is considered, the clinical relevance of the BP variations according to body position may be of limited clinical importance, because the mean differences in both SBP and DBP across positions never exceeded 2.9 mm Hg. However, this fact may easily be the result of positive and negative differences which tend to cancel each other out if only mean values are examined, leaving relatively small mean differences. When individual rather than mean variations are considered, the influence of body position on SBP was clinically important in 15-30% of the subjects, who showed a difference in SBP ≥10 mm Hg from one position to another (while large differences in DBP were less frequently observed). Therefore, in the clinical management of hypertensive subjects, if BP is measured before therapy in one position and after therapy in another position, the clinician may opt for imprecise or incorrect therapeutic strategies in a relevant proportion of subjects. Accordingly, it may be indicated to measure the BP in the same position throughout the overall duration of the therapy. If this is not possible for clinical reasons (i.e., the occurrence of a hip fracture which requires a supine position), the potential difference in BP should be taken into account by the operator. Also, current guidelines should consider to add a mention that recording BP in one or another position may lead to different results. Importantly, besides those cases in which the use of Fowler's position to measure BP is forced by their clinical state (i.e., after thoracic surgery), Fowler's position might represent a valid alternative to supine or sitting positions also for other groups of patients, because its BP values were always intermediate between supine and sitting BP, and because the proportions of subjects showing a large BP variability between Fowler's and another position were always (and expectably) lower than those with large variations between supine and sitting positions.
The last results of the study that may have clinical relevance are the highest rates of large differences that were always observed at the first measurement, in the comparisons by position, and between the first and third measurements, in the comparisons by order. These findings suggest a lower BP variability at the second and third measurements, and seem to support JNC guidelines recommending only the second and third of three readings be considered. 28 Finally, this study was not designed to elucidate the physiological mechanisms underlying the observed variation in BP according to body position. Previous studies indicated the change in hydrostatic pressure as the main cause; 26, 27 however, one or more unknown factors may also play a role in original contributions Blood Pressure by Body Position determining BP variability. 29 In example, the change of body position produces a decrease in venous return and a resultant drop in cardiac output as blood accumulates in the lower extremities and in the abdominal vasculature (from supine to Fowler position). 30 The strengths of the study are the high number of measurements for each subjects, the use of the same validated instrument for all BP recordings, finally the random order of every BP measurements. However, the study has some limitations that must be considered: first, it is monocentric, the sample is relatively small, and the amount of "large variation in BP" has been arbitrarily set at 10 mm Hg, but results may vary if other thresholds are considered. However, there are no recognized cutoffs in BP differences that may discriminate clinical relevancy.
Second, it has been documented that comorbidities such as autonomic dysfunction in the aged, diabetic neuropathy, and parkinsonism, and antihypertensive agents such as β-blockaders and diuretics may enhance the difference of BP by body position and may thus confound the results of the study. 31 However, we repeated all univariate (and multivariate) analyses stratifying (adjusting) for use of diuretics and β-blockers, with no relevant variation in the results (data not shown). As regards comorbidities, we manually revised the charts of 244 out of 250 subjects and find that only three subjects had a clinical scenario compatible with diabetic neuropathy, 5 with autonomic dysfunction, and four reported some forms of dementia. We cannot exclude that some other participants had Parkinsonism in early stages or autonomic dysfunction, as our visits were not focused on neurological disorders, however it seems unlikely that these issues relevantly biased the overall results.
Third, some authors excluded obese subjects when measuring BP variability because of the possibility of measurement errors, 32 but 28.8% of our sample consisted of obese subjects, potentially biasing the overall results. We repeated all analyses stratifying for obesity, and observed very similar results for DBP, whereas obese subjects showed a more pronounced variability in SBP as compared to nonobese. However, although the mean difference in SBP from supine to sitting position (3.1 ± 8.5 mm Hg) was higher in obese subjects, such difference remained significant in nonobese subjects (1.7 ± 9.2 mm Hg), the rates of subjects with large variations were similar in nonobese individuals (data not shown), and obesity was not associated with BP in multivariate analyses. Therefore, the bias caused by the inclusion of obese individuals did not seem to relevantly alter the results of the study.
In conclusion, this study confirms and expands existing research suggesting that BP significantly varies according to body position, and that BP values as measured in Fowler's position are intermediate between those recorded in sitting and supine positions. Despite the degree of BP variation is small on average, a relevant proportion of subjects showed large differences in BP from one position to another, suggesting that more emphasis should be posed on body position by clinicians and guidelines. Fowler's position may represent a valid alternative to sitting and supine positions for BP measurement in routine clinical practice. Finally, BP random variability was found to be large regardless of body position, reinforcing the need for operators to closely follow current guidelines that recommend at least two recordings at each BP measurement. Although we cannot be sure that the duplication of BP measurement is enough to overcome BP variations across recordings, taking the mean value between two measurements reduces the possibility of a large measurement error or a large random variation.
Disclosure: the authors declared no conflict of interest.
